
An Improved Method for T w o - ~ i o o a l l  Heternnuclear 
Relayed€oherem*Trans€er NMR Spectrompy 

RmtIy ,  a variety of schemes fur obtaining 2D beteronuciw RELAY spctra 
have been proposed (1-6). Thm methods can be quite pmwdd for structure 
determinath and spectral asignmenL However, a recent analysis (7) has shown 
that in m y  case, the sensitivity of heteronwlar relayed-magnetization-transfer 
: spemoampy is coderably lower than for heteronuclear chemical-shifl cumlation 

(8-10). Especiauy in compou1Dds with saturated aliphatic ring systems such as 
steroids and alhloi& the sensitivity of the heteronudear MLAY experiment is 
often very low. Moreover, in all hetmnuclaz REUY exPeriments proposed so far 
the W-'H multiplet components of the ('H-W) RELAY multiplet are in antip- 
relatie to one another,(analogous to the antiphase nature of multiplet components 
in a COSY spectnm ( I l l )  and the 'H-*3C RELAY multiplet is 90" out of phase 
relative to nonrelayed signal in the 2D spectrum. No pure-absorption 2D spectra 
can therefa be recorded with the enisting RELAY experiments. 
W e  propclse a new puke & m e  for heteronuclear RELAY spectrosoopy that 

partly ovezcomes the problems mentioned above. In the new scheme, net magneti- 
zation transfer among protons is achieved Wia homonuclear Hartmann-Habn-type 
.cros+polarizatio~ This ltype of homonudear ~ e t i z a t i o n  transfer was first dia 
covered (12) as an artifact in homonuclear transverse NOE spectroscopy (13) and 
is closely related to the rnagnhtion-transfer mechanism in the TOCSY exlxriment 
(I#).  W e  have recently demonstrated that this type of homonuclear e m s p b t i o n  
is very powerful for the assignment of complex proton SpeCtTa (15). The possibility 
of obtaining net magnetization -fer in coupled 'H spin systems makes this 
approach very suitable for heternnudear REMY spmtrmm~. 

The puW scheme of the new mebod is sketched h Fig. 1. An altemathg spin- 
lwk field along the L x  axis of the proton rotating frame provides the crucial 
mechanism for homonuclear Hartmam-Habn-type- crm+polarhtion. Consider 
first, for reasws of simplicity, a d field of nominal smngth, P = yHz/2u, that is 
cuntinzIously aligned along the x axis of the proton rotating frame. Two protons, A 
and B, with o f f !  frequencies AA and dg, expetience effective rf field strengths, vA 
and Q. Provided that v 4 A*, AB, uA a d  p g  are to a good approximation given by 
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SPIN LOCK :INEPT 

FA = I + A3(2;~)  [la1 

= v + A3(2~) .  [lbl 

If [AA] = IdBl, the effective rf fields are identid for the two spins and a pexfect 
Hartmann-Hahn match condition occu~s. In this mse, mdlatow magnetization 
exchange tetween Spins A and B Win occuf, with period I/& (15). The situation 
where AA and AB differ (and thus vA # .a) has been analyzed for the heteronuclear 
case by Miiller and Ernst (16) and by chingas et ai. (17). Thek derivations are 
d y  applied to the homonuclear case 115). W e  have previously shown (15) that 
the effect of a mismatch i n d u d  by IAAI # lA,l a n  to a large extent h compensated 
for by phase, alternation of the Spin-lock field, with period, 2 / f %  provided that 

f < 0 . 2 5 / ] ~ ~  - -1. VI 
To minimize the loss of magn-on duxing the spklwk he, f ShOuM not be 
set to much shorter values than dculated on the basis of Eq. [Z]. In practiOe, we 
usually employ a total spin-lock time of 25-40 ms, with a + value of 3-10 ms and 
a 'H rf field strength of 5 lcHz (6 W rf power). 

As mentioned above, magnetization exchange for a twe- system under 
Hartmann-Hahn match conditions occws at a mte JA, g h h g  an m u m  U-OS 

poIarization time of l/(UAB). In practice,  however, most molecwh contain more 
than two mupled protons and 'H-'H magnethtion relay Win occur'for longm Spin 
lock times [14, 15), in a way that shows a close similarity to 'H-'H spin diffusion 
in a soEd. To limit the extent of these Sometimes confusing homonuclear relay 
eff- a coherent mixing time, r, on the order 1/(4Jm) is usuazly emplow A 
more detailed analysis of the way in which m a g u m o n  is transferred under spin- 
locked conditions will be presented elsewhere. 

A h  net rnagnetiZatiW is t r a n s f d  from pmton A to proton B, an INEPT 
type transfer (18-20) relays the 'II magnetization to the '% nucleus attached to 
proton B. To fecord the 2D spectrum in the purealxorption mode, phase cychg 
according to Miller and Ernst (16) and Stat& d at. (21) is u98d (Table l), and data 
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acquisition is started immediateIy afkx the 90" '% pulse (39, befwe broadband 
proton decoupling is started. 

As an example, the m & d  iS demonstrated for a sohtion of 50 mg q u h k  in 
0.35 d CDCI,, in a 5 mm sample tube. Experiments were performed on a Nicolet 
270 MHz spectrometer. Aquisition times in the I1 and tz dimensions were 70 and 
I28 ms, respectively. Thirty-two scans were recopded for a c h  t l  value, and the total 
measuring time was 2 h. Zero filling prior to Fourier transformation was USBd in 
both. dimensions to Y;eId a 128 X 2048 data matrix for the absorptive part of the 
final 2D spectrum displayed in Fig. 2. A tatal '33 spin-lcck time, 7, of 30 ms was 
used, consisting of six periods, fs of 5 ms each. 

Figure 2 shows the 2D spectmm of the aliphatic carbons in quinine, obtained as 
described 3Ww. It is evident from the m m  that many of the RELAY peaks 
have higher intensity than the mmehtion via direct coupling. For example, the inset 
in Fg. 2 shows the Fl section taken at the FZ fresuency of carbon and shows 
magnetization relay from proton 9 and from the two methylene protons, 9. The 
two protons, overlap with protons, g, but Since carbon c shows relay fiom proton 
4 and carbon g shows relay from protons carbons c and g are readily 
distinguished. mi cunfinns spectral reassignments made by WenG5i-t et d. (22) 
and by Moreland el ul. 123). 
Before recording a heteronuclear RELAY spectrum, a regular heteronuclear 

chemical-shift cornlation spectrum should be obtained. The additional monanm 
in the 2D RELAY spectrum then indicate directly which mrbons are adjacent in 
the structure of the molecule ( I ,  2) in a similar but more Sensitive way than the 2D 
INADEQUATE experiment (24-26). We have a h  attempted to obtain a RELAY 
spectruna in the conventional way (3, a), ushg a mixing time of 30 ms, and 128 
scans per f l  value (8 h expriment). IR this spectrum (not shown) all RJXAY peaks 
showed lower sigrd-wnoise ratio than the wrmpndjng pmks in the specttum 
obtained with the new method, despite the four times longer measuring time. In 
neither of the two types of spectra could magnetization relay to carbon 4 or from 
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proton g to adjacent carbws be o h d  This is probably due to the mmp1ex 
multiplet structure of proton d (32 muhipkt componeflts). The Sensitivity of the 
RELAY peaks in the spectrum obtained with the new method has a h  been 



cumpared with the sensitivity obtained with the absolute-duemode heter0nucIear 
chemid&ifkmmIation methd. The Signal-tcFnOise mtio for RELAY pwks in 
the spectrum shown in fig. 2 was a factor of 2 to 5 lower than for the Tesonances 
in the chemid-shift correlation spectrum obtained in the same measuring time. 

We have demonstrated that Harmann-Haha-type homonuclear magnetizatiOn 
transfer can be effectively day& to nuc~ei. The purpabsorptivemode spectra 
obtained with this method provide high m1ution in both fresuency dimensions. 
The good resolution and the relatively high sensitivity of the new MJAY method 
make the experiment an amactive alternative to more conwmtiond approaches. 
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